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© A process for Improving dimensional stability and biological resistance of llgnoceHuloslc material. 



© Reaction of lignocellulosic material with acetic 
anhydride greatly improves dimensional stability and 
^resistance to biological attack and is. according to 
e^the invention, made in the absence of any cosotvent 
_.or added catalyst and in a simple way. Partially 
If) dried or dry lignocellulosic material is treated with 
^ liquid acetic anhydride for a short period of time, the 
p^time being adapted to the dimension of the material 
^used. In a following step, any excess anhydride not 
^| impregnated into the material is removed. The im- 
Qp3na§?*£ft<s$ £§noc©ilul0§sc mstoi&l is placed in a 
heated chamber to yield acstytation to a predeter- 



Ul 



mined weight gain. After a short period of time, 
again adapted to the dimension of the material, 
u neon sum ed acetic anhydride and byproduct acetic 



acid are removed from the heated chamber and 
recovered. 
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a: Adjusted drying 
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raw material 

b: Supplying liquid 
acetic anhydride 
to the material 

c: Removing excess 
acetic anhydride 
solution 
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material in 
heated chamber 

e: Post-treatment of 
acetylated 

material 
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A process for Improving dimensional stability 

Field of Invention . The present invention relates 
to the chemical treatment of lignoceliutosic materi- 
als by acetylation with acetic anhydride in the 
absence of. any cosolvent or added catalyst. More 
particularly, the invention relates, to the treatment of 
wood and its derivative materials to obtain in- 
creased dimensional stability while improving resis- 
tance to biological degradation. The invention also 
relates to the treatment of fibrous KgnoceUulosic 
materials such as jute. 

Description of Jhe prior art. Although Bgnocel- 
lulosic material possesses many unique and desir- 
able properties, it has several undesirable prop- 
erties which have limited its use for many applica- 
tions. The physical and chemical properties of tig- 
nocellulosic material are the result of the structure 
of the celt wall components both individually and 
collectively. 

For example, wood changes dimension with 
changing moisture content because the cell wall 
polymers contain hydroxyl and other oxygen-con- 
taining groups that attract moisture through hy- 
drogen bonding. This moisture swells the cell wall, 
and the wood expands until the cefl wall is satu- 
rated with water. Water, beyond this point, is free 
water in the void structure and does not contribute 
to further expansion. This process is reversible, 
ami shrinkage occurs as moisture is lost. 

LignoceJIulosic material is biologically degrad- 
ed because organisms recognize the polysac- 
charides in the cell wan and have very specific 
enzyme systems capable of hydrolyzing these 
polymers into digestible units. Because high- 
molecular-weight cellulose is primarily responsible 
for strength in wood, strength is lost as this poly- 
mer undergoes biological degradation through oxi- 
dation, hydrolysis, and dehydration reactions. 

Because dimensional instability and biological 
degradation are chemical phenomena. It is possible 
to improve both of these undesirable properties of 
Ognocellulosic material by changing the basic 
chemistry of the cell wall polymers. By chemically 
modifying the cellulose and hemiceliulose compo- 
nents, for example, the highly specific, biological 
enzymatic reactions cannot take place because the 
chemical configuration and molecular conformation 
of the substrate have been altered. Bulking the cell 
wall by reacting chemicals to the cell wall polymers 
reduces its tendency to swell with changes in 
moisture because the lignoceltulosic material be- 
comes in & partial ty, if not completely, swollen 
s&£q by frsa reaction. 



biological resistance of llgnocelkjJoslc material 



H hydroxyl groups in the ceH wall polymers are 
esterified with acetic anhydride, both dimensional 
stability and resistance to biological attack can be 
achieved. 

5 Wood flour or sawdust was acetyiated by 

Fuchs (Ber. 61 B: 948; 1928) and Horn (Ber. 61 B: 
2542; 1928) using acetic anhydride containing 0*25 
percent sulfuric, acid, while Sutda and Trtsch (Ber. 
61B: 1599; 1928) used acetic anhydride followed 

to by acetic anhydride/pyridtne in two steps, the total 
treatment time being 35 h. In 1930, Friese (Ber. 
63B: 1902) acetyiated powdered wood with mix- 
tures of acetic acid and acetic anhydride catalyzed 
by sulfuric acid. Suida (Austrian Patent 122,499; 

75 1930) reacted wood with acetic anhydride using a 
tertiary organic base as a catalyst. 

Ridgway and WaJUngton (British Patent 
579255; 1946) acetyiated wood, either veneer or 
ground, with acetic anhydride using a multivalent 

20 metal hafide as catalyst. The preferred treatment 
was with a mixture of acetic anhydride, acetic add, 
and zinc chloride for 24 hours at 38 to 50°C. 

Stamm and Tarkow (US patent 2,417,995 - 
(1947)) treated oven-dried wood veneers with a 

25 moisture-free acetylation mecfium containing acetic 
anhydride mixed with other components such as a 
tertiary amine and acetone. The preferred* treat- 
ments were carried out as a vapor phase operation 
with a mixture of acetic anhydride and pyrkfine. 

30 This acetylation procedure has not had commercial 
acceptance because of certain disadvantages, such 
as; pyridine forms complexes making recovery dif- 
ficult; rf the reaction temperature is too high, the 
pyridine darkens the wood; If the reaction tempera- 

35 ture is too low, the reaction period is relatively 
long; and, the various operations require a substan- 
tial amount of handling of noxious or flammable 
chemicals. 

In 1963 Goldstein and Weaver (US Patent 
40 3.094,431) described an acetylation procedure that 
eliminated the catalyst Acetic anhydride was com- 
bined with xylene to acetyiate wood at 105°C and 
an absolute pressure of 150 to 170 psi (1.0-1.2 
MPa). While the procedure eliminated the use of a 
45 catalyst it introduced a volatile, flammable organic 
cosolvent that required special handling and com- 
plicated the excess reagent and byproduct recov- 
ery. 

H has also been shown by KUnga and Tarkow - 
so (TAPPI Vol. 49, No. 1, 1966) that it is possible to 

obtain a stabilization ef hardbond by •@n uf>* 
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dride". However/ the board contained aluminium 
sulfate which could act as a catalyst. The neces- 
sary exposition time was, however, very long, 
"overnight. heating was adopted". . 

Although several methods of acetylation , de- 
signed for stabilizing the cfimensions or for biologi- 
cal resistance of wood and other Rgnocellutosic 
materials accordingly have been suggested, all 
have failed in achieving any real commercial sig- 
nificance. In general, the prior art methods suffer 
from one or more of the following disadvantages: 
The process is too cumbersome or time consum- 
ing, the process is too complicated, the process is 
excessively expensive, the process requires oven- 
dried wood, or the process imparts undesirable 
properties to the product 

Evidently there are disadvantages connected to 
all the methods referred to. In fact, no method 
according to the prior art is suitable for acetylation 
in industrial scale. Stabilization by acetylation has 
therefore been utilized in a very low degree in spite 
of the advantages; e.g. the stabilized wood and 
wood products will have by use as a construction 
material. The high production cost and other 
drawbacks mentioned connected to the known 
methods have been a hindrance to their commer- 
cialization. 

The obtect and advantages gf Jh§ invention : 
The primary objective of this invention is to de- 
velop a process for acetylating lignocellulosic ma- 
terials which does away with complex reaction mix- 
tures and expensive pressure-treating equipment 
necessary with processes in the prior art A second 
objective of this invention is a process which will 
increase dimensional stability and biological resis- 
tance to lignocellutosic materials. Other objectives 
and advantages will become apparent hereinafter 
from the detailed description and drawing. 

The present invention is believed to have sev- 
eral advantages over the prior art in treating wood, 
its derivative materia!, or other lignocellulosic ma- 
terials: 

(1) Eliminates the need for an added cata- 
lyst. 

(2) Eliminates the use of any cosofvents or 
diluents. 

(3) Eliminates the need for high pressures 
during treatment. 

(4) Eliminates the need of a manifold excels 
of acetic anhydride. 

(5) Reduces the time of treatment 

(6) Can be used to treat partially dried or dry 
lignocellutosic material. 

(7) Greatly simplifies the recovery of excess 
reagents and byproducts. 



Brief summary of th§ invention . In connection 
with the invention it has now been found that par- 
tially dried or dry lignocellulosic material can be 
acetylated in a process which eliminates both extra 

5 catalyst and organic cosolvent The procedure 
does not require high pressure and greatly reduces 
the reaction time required to give high levels of 
dimensional stability and biological resistance. 
A convenient way of carrying out this invention 

w is as follows: Partially dried or dry lignocellulosic 
material is impregnated hi the following way. If it is 
in the form of thin or disintegrated material (boards, 
veneers, flakes, particles or fibers) it is loaded in a 
stainless steel dipping basket which is then dipped 

75 into liquid acetic anhydride for a period of time, the 
length of which depends on the thickness of the 
material being impregnated. If the material is in the 
form of partially dried, solid wood boards with a 
larger cross-section it is easily impregnated with 

20 acetic anhydride by a vacuum or vacuum-pressure 
technique. The material is then drained of excess 
acetic anhydride and placed in a chamber heated 
to 120°C. The lignocellulosic material is heated at 
this temperature for 2 to 8 hours, again the period 

25 of time depending on the thickness. A vacuum is 
applied at 120°C to remove remaining acetic anhy- 
dride and byproduct acetic acid. The thus removed 
treating solution may be reused several times be- 
fore cleaning up by distillation or regeneration of 

30 acetic anhydride. 

Figure 1 schematically illustrates by flow dia- 
grams the novel process for acetylation of lignocel- 
lulosic material. 

Wood acetylated by this new procedure shows 

35 good dimensional stability (Table VIII and IX) and 
resistance to attack by brown-rot fungi (Table X) 
and soft-rot fungi and tunneling bacteria (Table XI). 

General description of th§ invention . The sub- 
stance of this invention is a greatly simplified acetic 

40 anhydride reaction procedure to acetytate lignocel- 
lulosic materials to increase dimensional stability 
and biological resistance. The partially dried or dry 
lignocellulosic material is impregnated with liquid 
acetic anhydride and drained. The impregnated 

45 material is placed in a heated, nonpressurized 
chamber and kept at a. temperature of 110 to 
120°C for a period of time. While heated, a vacu- 
um is applied to remove excess or unconsumed 
reagent and byproduct acetic acid, or the vapors 

so produced are removed by a gasftow. 

The drawing is a schematic view of a typical 
procedure for processing lignocellulosic material 
according to the invention. 

Referring to the drawing, the partially dried or 

55 dry lignocellulosic material at 1 is supplied with a 
solution of acetic anhydride for a short period of 
time at 2. Excess acetic anhydride is drained or, 
with a disintegrated material, squeezed out from 
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the material at 3. The impregnated lignocelluiosic 
material is heated to 110-1 20 # C in the treatment 
chamber 4. The temperature is maintained for a 
period of time, preferably 2 to 8 hours (depending 
on the size and thickness of the material). A vacu- 
um can be drawn on the heated chamber through 5 
for 1 to 3 hours to remove uncoosumed acetic 
anhydride and byproduct acetic acid. This recov- 
ered solution can be added back to a storage tank 
for the solution. The soiu.tion can be reused many 
times before clean ing-up by e.g. fractional distilla- 
tion is needed. The byproduct acetic acid can be 
reconverted into acetic anhydride, e.g. by reaction 
with ketene. If found necessary, the acetyiated ma- 
terial at 7 can be post-treated at 6 with chemicals, 
preferably ammonia that convert remaining acetic 
anhydride and acetic acid into acetate. 

As is evident from the description, it has. in 
connection with the invention, been established the 
surprising effect that if wood in solid form or a 
product containing wood or other Rgnoceflulosic 
material is impregnated with acetic anhydride and 
ineri treated with heat, the acetylation wiil be ob^ 
tained in a relatively short time without use of 
catalysts, cosoivents or diluents. As will be evident 
from the following examples, a treatment for a 
period of time of 1 to 6 hours will be sufficient. For 
smaller dimensions of solid wood and for chips and 
flakes as well as fibrous lignocelluiosic material, a 
shorter- period of time, 1-2 hours, will be sufficient 
while thicker wood has to be treated for a longer 
period of time, the duration of treatment depends in 
the first hand on the period of time necessary for 
the heat to penetrate the material, which in turn 
depends on the dimension of the cross-section. 

A measure of the degree of acetytation of the 
lignocelluiosic material is the weight gain as a 
result of the treatment. A control of the same has 
shown that a sufficient acetytation is reached by 
the process according to the invention by means of 
a treatment of the duration mentioned above. 

The following description and examples are 
presented as further illustration of the invention. 

Detailed description and examples . The new 
and simple method of acetytation accorcKng to the 
invention is based on the characteristic process 
steps a, b, c, and d referred to in the claims. The 
practical performance of each step can be varied 
within the scope of the appended claims, and is 
further illustrated below. 

Step a involves an adjusted drying of the 
lignocelluiosic material to be acetyiated. Although 
the acetytation reaction can be carried out on lig- 
nocelluiosic material with a high moisture content 
w cfter®si$ing content of ^&$@r y*®id§ m 'mosmmng 
formation of byproduct &cs€c acid due to hydroly- 
sis of the acetic anhydride. To avoid an unneces- 
sarily high consumption of the reagent anhydride, 



the moisture content should not exceed 20 percent 
preferably not exceed 10 percent For e.g. solid 
wood boards, drying to a moisture content below 
about 5% can lead to distortion of the material and 
5 formation of cracks, and should accordingly be 
avoided. Also, when impregnation solid material 
with a large cross-section, the impregnation with 
the liquid reagent is favored by the material being 
in a slightly swollen state, i.e. the material not 
to being completely dry. In the production of particle- 
and flakeboards, the disintegrated material is nor- 
mally processed at a moisture content of a few 
percent and can conveniently be acetyiated at 
such a moisture content 
75 In the next step, fe, the lignocelluiosic material 
is supplied with liquid acetic anhydride. Depending 
on the kind and size of the material used, and the 
total processing to a final product different process 
alternatives can be adopted. Lignocelluiosic ma- 
20 terial in the form of finer particles, thin material, or 
fibers can be supplied with a proper amount of 
reagent by spraying the material with fiquid acetic 
-anhydride. This operation can be carried out when 
tumbling the material in a suitable equipment there- 
25 by ensuring an even distribution of the anhydride 
to the material. The impregnation of the above 
mentioned kind of lignocelluiosic material can also 
be done by dripping the material in BqukJ acetic 
anhydride, the dipping time being adapted to the 
30 dimension of the material used but preferably be- 
ing less than 15 min. 

Spraying and dipping can also be applied to 
material having larger dimension, especially when 
aiming at a surface treatment to a certain depth. 
35 The over-all amount of impregnating anhydride can 
in such a case be low or 210 percent by weight 
Such a dimensional stabilization of the surface lay- 
er by acetylation can improve the tongterm adhe- 
sion of an applied surface coating (paint varnish 
40 etc) and minimize the formation of cracks and the 
loosening of the coating. 

For lignocelluiosic material such as solid wood 
boards with a larger cross-section the Squid acetic 
anhydride is preferably impregnated into the ma- 
45 terial by a vacuum or vacuum-pressure technique 
which ensures a more complete penetration into 
the entire material body. 

In step £, solution of acetic anhydride not im- 
pregnated into the lignocelluiosic material is re- 
so moved to prevent handling of a manifold excess of 
anhydride in the following process stage. The 
amount of chemicals that needs to be recovered 
and up-graded is thereby greatly reduced, and so 
is the cost of the process. Again the kind and size 
ss of £gnec@IEuios5C material us©d ©lies; tfra re- 
moval ef excess anhydride to ba csrried out . in 
different ways. In tfw slmpliest application, the ©ft- 
cess is just drained from the impregnation vessel. 
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For lignocelMosic material with a smaller size (e.g. 
flakes, chips, fibers) the removal of anhydride, kept 
by the material by surface tension can be facili- 
tated by applying suction allowing the anhydride to 
be drained through a perforated device supporting 
the impregnated material. Another alternative is to 
appfy compression forces at a suitable compres- 
sion ratio to the material, thereby achieving the 
necessary squeezing action rn e.g a drainabte 
pressing device. 

After impregnation, the KgnoceKulosic material 
is reacted in a heated chamber to a predetermined 
weight gain accomplished by the addition of acetyl 
groups to the material. The treatment chamber is 
kept at a temperature of 80-1 50 °C, preferably 90- 
130°C. At a temperature below this interval, the 
reaction rate is too low for practical reasons. At 
higher temperatures, side-reactions degrading the 
Hgnocellulosic material may become too pro- 
nounced. 

The duration of step d, usually 2 to 8 hours, 
depends in the first hand on the period of time 
necessary for the heat to penetrate the material 
which in turn depends on the mansion of the 
cross-section of the material. The heating also pro- 
motes the diffusion of anhydride to reactive sites in 
the material. Vapor of acetic anhydride and acetic 
acid (and volatile components ,of the material) pro- 
duced during heating can be removed by a gasfiow 
through the reactor or by pulling a vacuum, and the 
chemicals are recovered by condensation, prefer- 
ably recovered and up-graded by fractional con- 
densation in a distillation tower. A complete separa- 
tion of acetic anhydride from acetic acid is thereby 
not necessary, since the flow of anhydride recir- 
culated to the storage tank may contain acetic acid 
(cf. Example IV). The by-product acetic acid can be 
reconverted Into acetic anhydride e,g. by reaction 
with ketene. 

The withdrawal of vapor from the reactor can in 
part be carried out at an early stage of the heating 
period as a way to adjust the ratio of acetic anhy- 
dride to Kgnocellulosjc material, thereby achieving 



in combination with step £an impregnating amount 
of acetic anhydride of 10 to 250 percent by weight 
calculated on oven-dried lignocellulosic material. 
The main part of the vapor is, however, withdrawn 

s at the end of thfc heating period and consists of 
unconsumed anhydride and by-product acetic acid. 

The time required to withdraw the vapor is 
included in step d and is usually 1-3 hours, again 
the period of time being dependent on the dimen- 

io stem of the material. 

The acetylated product can, if found neces- 
sary, be post-treated in a subsequent step e with 
chemicals that convert remaining minor amounts of 
acetic anhydride and acetic acid into acetate. Such 

75 a treatment has proven to eliminate the slight smell 
of anhydride and acetic acid that can be noticed in 
the further handling of the material to manufacture 
a final product. Preferably, ammonia can be intro- 
duced in the reactor following step d, but chemi- 

20 cals giving in addition an improved fire retardancy 
to the product may also be used in a separate 
step. 



25 Example I 

Wood samples of different species (cf. Table 
I) with the dimensions 8x50x150 mm were oven- 
dried to 3 percent moisture content The samples 

30 were submerged in liquid acetic anhydride for 5 
minutes. Excess reagent was allowed to drain from 
the wood for 5 minutes. The acetic anhydride to 
wood ratio was about 0.8 w/w. The wood was 
placed in a preheated cylinder at 120°C and main- 

35 tamed for 4 hours at that temperature. A vacuum 
was applied at 120°C for 2 hours. The treated 
samples were removed from the cylinder and air 
conditioned for an additional 24 hours. 

The weight gains obtained for the different 

40 wood species are shown in Table I. 
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Table I 



Species 



Weight gain due to acetylation, 

% 



Scandinavian pine 

Ponderrosa pine 

Douglas-fir 

Maple 

Aspen 



18-20 
18-22 
18-21 
16-18 
16-19 



Example II 

Chips or flakes of different wood species (cf. 
Table II) were oven-dried to 3 percent moisture 
content. The samples were placed hi a stainless 
steel basket and dipped in liquid acetic anhydride 
for 1 minute. Excess reagent was allowed to drain 
from the samples for 3 minutes. The acetic "anhy- 
dride to wood ratio was about 1.0 w/w for the 
softwood material and about 1 .5 w/*w for the hard- 
wood material. The samples were placed in a 
preheated cylinder at 120*C and maintained for 2 
hours at that temperature. 



20 



25 



30 



The solution obtained by condensating the va- 
por drawn from the cylinder consists of approxi- 
mately 55% unreacted acetic anhydride (38% of 
original solution in wood) and 45% byproduct ace- 
tic acid with minor amounts of wood extractives. 
The components can be separated by fractional 
dtstiuation and the acetic acid reconverted to acetic 
anhydride by reaction with ketene. 

The solution can be added back to the initial 
impregnating solution and reused many times. 

The weight gains for the different species are 
shown in Table H. 



Table II 



Species 



Weight gain due to acetylation, 
% 



Scandinavian pine chips 
Douglas-fir flakes 
Maple flakes 
Aspen flakes 



18-22 
16-19 
16-19 
16-19 



55 



Example III 

Chips or flakes of different wood species (cf. 
Table 111) with a moisture content of 20 percent 

vx&r® troMed as ghKStfi in EnsmpJs II. Ths nssutts of 
tfrss© reactors ©re stos?n in Tsbfca III. 
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Table III 



Species 



Weight gain due to acetylation, 
% 



Scandinavian pine chips 
Douglas-fir flakes 
Aspen flakes 




Example IV 

In order to simulate a recirculation of solution 
recovered from earlier acetylation treatments, sam- 
ples of oven-dried Scandinavian pine wood chips 
were dipped as described in Example II in sob- 



Table IV 



20 



25 



tions of acetic anhydride and acetic acid of various 
concentrations. The samples were placed in a 
preheated cylinder at 120° C and maintained for 2 
hours at that temperature. Recovery of reagents 
and byproducts are as given in Example I. The 
weight gains at the different acetic acid concentra- 
tions in the dipping solution are shown in Tabte IV. 



Sample 



Concentration of acetic 
acid in dipping solution, 
% 



Weight gain due* 
to acetylation, 
% 



Scandinavian 
pine chips 



5 
13 
30 
38 
53 



18.5 
18.7 
17.5 
17.1 
15.2 



Example V 

Wood samples of Scandinavian pine with the 
dimensions 25x12x1,5 cm and with a moisture con- 
tent of 5% were placed in a stainless steel cyl- 
inder. A vacuum was applied to the cylinder for 30 
minutes whereafter It was filled with liquid acetic 
anhydride. The wood was impregnated with acetic 
anhydride for 2 hours at atmospheric pressure. 
Excess acetic anhydride was drained from the cyl- 
inder which was then closed and heated to 110°C. 



The acetic anhydride to wood ratio was about 0.5 
w/w. After a reaction time of 2 hours a vacuum was 
applied for 2,5 hours at 110°C. The treated sam- 
ples were removed from the cylinder and air con- 
so ditioned for 7 days. The average weight gain was 
22 percent 
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Example VI 

Rbrous lignocellulosic material in the form of 
jute cloth was dipped for 1 min in liquid acetic 
anhydride. Excess anhydride was allowed to drain 
from the material yielding an acetic anhydride to 



fiber ratio of approximately 1.0 w/w. The impreg- 
nated materia] was then heated in a dosed cham- 
ber at 120*C for Afferent times. After the reaction, 
a vacuum was applied, and the samples further 
treated, as given in Example I. 



Table VI 



Sample 



Reaction time 
at 120°C, 
hours 



Weight gain 
due to acetylation, 
% 



Jute cloth 



1 

2.5 
4 



12.6 
13.5 
16.7 



material yielding an acetic anhydride to fiber pulp 
ratio of about 2J5 w/w. The impregnated pulp was 
Example VII then heated at 120°C for different times as given in 

Example VI. 

Spruce thermomechanical fiber pulp (TMP) ^ 
was cfipped for 1 min in liquid acetic anhydride. 
Excess anhydride was squeezed out from the pulp 
by applying mechanical compression forces to the 

35 



Table VII 



Sample Reaction time 

at 120°C / 
hours 



Spruce TMP 0-5 11 • 7 

1 22.4 

2 24.8 
4 36.5 



Weight gain 
due to acetylation, 
% 



S3 



a 
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Example VIII 

Solid wood samples as prepared by the pro- 5 
cess in Example I as well as chemically untreated 
wood samples (controls) were measured for dimen- 
sional stability (cf. Table VIII). 

10 



Calculations for dimensional stability were as 
follows: 



VOLUMETRIC SWELLING COEFFICIENT, S 

v 2 - v 1 

S = -=ri x 100S 

where 

V2 = wood volume after humidity conditioning or 
wetting with water 
- wood volume of ovendried specimen before hu- 
midity conditioning. 

ANT I -SHRINK EFFICIENTY, ASE 

ASE * \ 1 X 100S 
1 

where 

S 2 = volumetric swelling coefficient for acetylated 
sample 

S 1 "» volumetric swelling coefficient for untreated 
sample (control) . 



Table VIII 



— — ■ * 

Species Weight gain ASE 

due to acetylation, 

% 



Scandinavian pine 19.2 75 

Ponderosa pine 19 • 8 72 

Douglas-fir 18.6 70 

Maple 16.4 74 

Aspen 17.2 78 



* Dimensional stability reported as antishrink efficiency 
of acetylated sample over control sample. 
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Example IX 



10 



Partideboards and flakeboards made from 
chips and flakes of different wood species ac- 
etytated as given in Example li through Example III 
were mentioned for dimensional stability according 
to the testing procedure given in Example VIII. The 
boards were made with a density of 640 kg/m 3 
using 6% phenobformaJdehyde adhesive. 



Table IX 



Species 



Weight gain 
due to acetylation, 
% 



ASE 



Scandinavian pine 



21.7 
20.4 
19.2 



87 
84 
75 



Douglas-fir 



17.7 
16.4 



85 
82 



Maple 
Aspen 



16.4 

18.9 
18.5 



83 

92 
90 



Dimensional stability reported as antishrink efficiency 
of acetylated sample over control sample. 



Example X 

Solid wood as prepared by the process in 
Example I and flakeboards as given in Example IX 
made from flakes prepared by the processes in 
Example II through Example III were -tested for 
decay resistance to brown-rot fungi. 



45 



SO 



Standard soil block tests were run according to 
specifications of the America! Society for Testing 
and Materials as outlined in D 1413. Acetylated and 
control blocks. 3/4x3/4x3/8 inch, were placed in test 
with the fungus GtoeohvHum Trabeum. Samples 
were removed after 12 weeks, and the extent of 
decay was determined as weight loss based on 
weight of oven-dried samples before and after test- 
ing. Separate samples were water leached for 2 
weeks at 25*C, oven-dried, and then placed in test 
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Table X 

Species Weight gain Average percent 

due to acetylation, weight loss+ 

% Leached Nonleached 



Solid wood samples 

Scandinavian pine 19.2 1.3 1.1 

Ponderosa pine 19.8 1*5 1.5 

Douglas-fir 18.6 1.1 1,6 

Maple 16.4 1.3 1.2 

Aspen 17.2 2.3 1.3 

Flakeboards 

Scandinavian pine 21.7 1.1 0.7 

20.4 0.4 0.3 

19.2 1.3 1.1 

Douglas-fir 17.7 1.8 1.3 

16.4 1.0 1.3 

Maple 16.4 2.1 1.2 

Aspen 18.9 2,5 1.6 



+ Untreated leached control samples lost between 35-60 
percent weight during 12 weeks. 

Solid wood and flakeboard samples. 1x1 xi 
inch, were placed in test in a fungal cellar contain- 
Examp i e xi ing both soft-rot fungi and tunneling bacteria. Sam- 

ples were inspected after 6 months and rated as 
Solid wood as prepared by the process in ^ follows; 0 -no attack: 1 -tow attack; 2 -moderate 
Example I and flakeboards as given in Example IX attack; 3 -heavy attach; 4-very heavy attack, 5 - 

made from flakes prepared by the processes in destroyed. 
Example H through Example III were tested for 
decay resistance to soft-rot fungi and tunneling 
bacteria. 45 
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Table XI 



Species Weight gain Rating after 

+ 

due to acetylation, 6 months 
. % 

Solid wood sample s 

Scandinavian pine 19.2 0 

Ponderosa pine 19 • 8 0 

Douglas-fir 18.6 0 

Maple 16.4 0 

Aspen 17.2 0 
Flakeboards 

Scandinavian pine 21.7 0 

20.4 0 

19.2 0 

Douglas-fir 17.7 0 

16.4 0 

Maple 16.4 0 

Aspen 18.9 0 



Untreated control samples had an average rating of 4.5 
after 6 months. - 

Example XII 

Pieces of jute cloth acetytated to different 
weight gains as given in Example VI were tested 
^ for decay resistance in a fungal cellar containing 
soft-rot and brown-rot fungi and tunneling bacteria. 
Samples were inspected after 5 months and rated 
as given in Example XI. 

45 
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Table XII 



Sample 



Weight gain 
due to acetylation 
% 



Rating after 
5 months 



Jute cloth 



12.6 
13.5 
16.7 



0 
0 
0 



Untreated, control samples of jute were completely 
destroyed (rating 5) already after 2 months in the 
fungal cellar 

The invention is not restricted to the illustrative 
Examples but can also be varied within the scope 
of the appended claims. 



Claims 

1. A process for improving dimensional stability 
and biological resistance of lignocellulostc materi- 
als, CHARACTERIZED BY the following steps: a. 
provkfing the material to be treated is dried; b. 
supplying liquid acetic anhydride to the material 
thereby impregnating the same; a removing solu- 
tion not impregnated into the material; d. exposing 
the impregnated material to an elevated tempera- 
ture in the range 80°0150°C, preferably 90- 
130°C, during a period of time adapted to the 
dimension of the material so the main part of the 
material reaches a temperature at which the acetic 
anhydride reacts with the lignocellutosic material 
yielding acetylation to a predetermined weight gain. 

2. A process according to claim 1, CHAR- 
ACTERIZED BY in step (d) vapor produced during 
heating is removed by a gasftow, the chemicals 
being recovered by .condensation, preferably frac- 
tional condensation. 

3. A process according to claim 1, CHAR- 
ACTERIZED BY in step (d) the heating includes a 
period of vacuum treatment the vapor produced 
being collected and the chemicals being recovered 
by condensation, preferably fractional condensa- 
tion. 

4. A process according to claim -1, 2 or 3, 
CHARACTERIZED BY in step (a) it is provided that 
the moisture content of the material not exceeds 20 
percent, preferably not exceeding 10 percent. 



5. A process according to claim 1, 2, 3 or 4, 
CHARACTERIZED BY in step <b) spraying the ma- 
terial with liquid acetic anhydride, preferably in an 
amount adapted to be just sufficient to achieve the 
predetermined weight gain. 

6. A process according to claim 1, 2. 3 or 4, 
CHARACTERIZED BY in step (b) dipping the ma- 
terial in liquid acetic anhydride for a short period of 
time, preferably less than 15 minutes. 

7. A process according to claim 1, 2,.3 or 4 
CHARACTERIZED BY in step (b) supplying liquid 
acetic anhydride to the material by vacuum or 
vacuum-pressure impregnation. 

8. A process according to claim 1, 2, 3 or 4, 
CHARACTERIZED BY in steps (b) and (c) sup- 
plying liquid acetic anhydride in an amount adapt- 
ed to be sufficient to achieve the predetermined 
weight gain. 

9. A process according to claim 5, 6, 7 or 8, 
CHARACTERIZED BY that the impregnating 
amount of acetic anhydride is 10 to 250 percent by 
weight calculated on oven-dried lignocellulostc ma- 
terial. 

10. A process according to claim 5, 6 or 8. 
CHARACTERIZED BY that the lignocellulosic ma- 
terial is in the form of veneer, chips, flakes or 
fibers. 

11. A process according to claim 6 or 8 , 
CHARACTERIZED BY in step (c) excess acetic 
anhydride solution is removed by applying com- 
pression forces to the material, preferably by pass- 
ing the material through a drairfable pressing de- 
vice. 

12. A process according to claim 6 or 8, 
CHARACTERIZED BY in step (c) excess acetic 
anhydride solution is removed by drainage, prefer- 
ably improved by applying suction, through a per- 
forated device supporting the impregnated material. 
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13. A process according to proceeding claims, 
CHARACTERIZED BY in a further step (e) following 
step (d) the material is post-treated with chemicals, 
preferably ammonia that convert remaining acetic 
anhydride and acetic acid into acetate. 5 
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a: Adjusted drying 
of lignocellulosic 
raw material 



I 



b: Supplying liquid 
acetic anhydride 
to the material 



i 



c: Removing excess 
acetic anhydride 
solution 



I 



d: Acetylation of 
impregnated 
material in 
heated chamber 



I 



e: Post-treatment of 
acetylated 

material 



i 



Acetylated 
product 



Acetic anhydride 
make-up 



Acetic anhydride 
solution storage 



Acetic acid 



Recovery of . 
chemicals removed 
by a gasf low or 
by pulling 
a vacuum 
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